This study investigated the ability to use feedback for decision making in female college 20 students who binge drink (BD) using the Iowa Gambling Task (IGT) and event-related potentials 21 (ERPs). Twenty-seven binge drinkers and 23 non-binge drinkers (non-BD) were identified based on 22 scores on the Korean version of the Alcohol Use Disorder Test and the Alcohol Use Questionnaire. 23 The IGT consists of four cards, including two cards that result in a net loss, with large immediate 24 gains but greater losses in the long term, and two cards that result in a net gain, with small immediate 25 gains but reduced losses in the long term. Participants were required to choose one card at a time to 26 maximize profit until the end of the task while avoiding losses. The BD group showed a significantly 27 lower total net score than the non-BD group, indicating that the BD group chose more 28 disadvantageous cards. The BD group showed significantly smaller ΔFRN amplitudes (difference in 29 amplitudes of feedback-related negativity [FRN] between gain and loss feedback) except in P3.
Introduction
Binge drinking (BD) is defined as a repeated pattern of excessive alcohol consumption and 43 abstinence over a short period of time [1] [2] [3] . BD is most prevalent among young adults, especially The modified IGT. A) A fixation point will be displayed for 1,000ms then four cards will be 185 displayed till the participants make their choice. At 700ms after a card is chosen, feedbacks will be 186 displayed for 1,000ms. B) The feedback stimuli consists of gain conditions and loss conditions. In 187 gain conditions, green smiling emoticon and the earned points will be displayed whereas red crying 188 emoticon and the lost points will be displayed in loss conditions. 189 190 The magnitude and probability of gain and loss for each card were set as for the original 191 computerized IGT [41] . The cards consisted of two disadvantageous cards (A and B), which 192 provided large gains and larger losses, resulting in a net loss, and two advantageous cards (C and 193 D), which provided small gains but smaller losses, resulting in a net gain. Cards A and C each had a 194 50% chance of causing losses, whereas cards B and D had a 10% chance of causing losses. 195 The task consisted of three blocks; the locations of the cards were changed at the beginning 196 of each block to keep participants motivated. Each block comprised 100 trials; a total of 320 trials, 197 including 20 practice trials, were administered. Decision making ability was measured by the net 198 score, which was calculated by subtracting the frequency of choosing the disadvantageous cards (A 199 and B) from the frequency of choosing the advantageous ones (C and D) 200 E-Prime software (version 2.0; Psychological Software Tools, Inc., Sharpsburg, PA, USA) 201 was used to administer the modified IGT. A fixation point (+) was displayed for 1,000 ms, and the 202 cards were then displayed until the participants made their choice by pressing a button. The feedback, 203 either a gain or loss, was displayed for 1,000 ms at 700ms after a card was chosen. Eugene, OR, USA) in a shielded and soundproofed room. All electrodes were referenced to Cz, and 209 impedance was maintained at 50 KΩ or less [91] . EEG activity was recorded continuously using a 0.3 210 -100 Hz bandpass filter at a sampling rate of 500 Hz. The recorded EEG data were digitally filtered 211 using a 0.3 -30 Hz bandpass and re-referenced to the average reference. The continuous EEG was 212 then segmented into 800 ms epochs (from 100 ms pre-to 700 ms post-feedback). Additionally, epochs 213 contaminated by artifacts such as eye blinks were removed based on the threshold of a peak-to-peak 214 amplitude of 70 V from the eye channels. The remaining data were averaged according to ± μ 215 feedback valence, i.e., gain and loss feedback. As significant differences in state anxiety and impulsivity were detected, mixed analysis of 261 covariance was performed with state anxiety and impulsivity as covariates to control their effect on 262 the IGT and ERP components. However, the analysis revealed that state anxiety as a covariate was 263 not significantly associated with the IGT (p = .086), FRN (p = .565), or P3 (p = .634) and that 264 impulsivity as a covariate was not significantly associated with the IGT (p = .464), FRN (p = .295), or 265 P3 (p = .631). BD groups are presented in Table 5 . The BD group exhibited significantly lower total net scores than the non-BD group did, and 361 performance of the non-BD group tended to increase as the task progressed (mean sector 1 = -.03; that the BD group exhibited significantly lower ∆FRN amplitudes than the non-BD group did. The 373 non-BD group exhibited larger FRN amplitudes in response to loss feedback than to gain feedback, 374 whereas the FRN amplitude differences in the BD group between gain and loss feedback were 375 significantly smaller than those in the non-BD group. BD group observed in the present study suggest that the BD group has deficits in early feedback 394 evaluation and that they are less sensitive to loss feedback than are members of the non-BD group.
395
In this study, no significant difference in the P3 amplitudes was observed between the BD 396 and non-BD groups, which was not consistent with previous studies reporting reduced P3 amplitudes reflects feedback processing with a top-down mechanism that allocates attentional resources to the must learn the contingencies between the cards and their consequences implicitly during the task (e.g.,
442
gain or loss feedback) [113] . Therefore, these results suggest that early feedback evaluation in the 443 fronto-central area is associated with the implicit learning process during decision making. 
